Abstract: The aim of this study was to evaluate the chemopreventive effect of bilberry on cisplatin induced oxidative stress and DNA damage in rat blood. Twenty-one female Wistar-Albino rats were divided into three groups: group Iuntreated; group II -treated with cisplatin (single dose 7.5 mg/kg b.w.); and group III -treated with cisplatin (single dose 7.5 mg/kg b.w.) and bilberry (200 mg/kg b.w. for 10 days). Antioxidant enzyme systems including superoxide dismutase, catalase, glutathione peroxidase and the level of malondialdehyde (MDA) that might occur on erythrocytes have been determined and single cell gel electrophoresis (comet) was utilized to evaluate the DNA damage in lymphocytes. Treatment with cisplatin has increased the levels of MDA and decreased antioxidant enzymes in erythrocytes. Comet assay showed significantly higher values at dose of 7.5 mg/kg cisplatin as the result of oxidative DNA damage when compared to the control group. Cisplatin treatment with bilberry resulted in a highly significant (P < 0.05) decreased in the lymphocytes DNA when compared to the cisplatin group. Bilberry has been effective on antioxidant enzyme systems and MDA level and significantly decreased the comets. Our results indicate that bilberry is capable of preventing genotoxic and cytotoxic damage caused by cisplatin in peripheral blood cells in rats.
Introduction
Although cisplatin (cis-diamminedichloroplatinum II) is widely used in the treatment of malignancies, it has somehow limitations because of the toxic effects (Kim et al. 2003; . An ideal protective agent should prevent the toxicity of cisplatin and not exhibit any side effect (Boven et al. 2005) . In the past, various drugs and chemicals, such as silymarin and simvastatin, have been utilized to ameliorate the harmful potential of cisplatin (Mansour et al. 2006; Iseri et al. 2007) . Amifostine is a unique drug, which has been utilized to reverse the adverse reactions due to cisplatin. However, amifostine possesses some adverse effects such as hypotension and emesis (Schuchter et al. 2002) . It can react with many cellular and molecules structures, such as membranes, proteins and RNA, but the main target is the DNA (Antunes & Bianchi 2004) .
DNA damage and oxidative stress play an important role in various illnesses and pathological conditions including carcinogenesis and aging (Soltani et al. 2009 ). Physical factors, such as solar radiation, X-rays and numerous chemicals can damage cellular DNA. Oxidative stress can cause damage to lipids, proteins and nucleic acids, resulting in changes in signal transduction pathways, gene expression, cell mutagenesis and cell death (Demirci et al. 2008) .
Recently, a single cell gel electrophoresis (the comet assay) has become a sensitive and rapid method for the detection of DNA damage at individual cell levels. It is considered as a predictor of mutagenic and carcinogenic activity of chemicals in animal and human cells. In the assay, under alkaline conditions, DNA loops containing breaks lose supercoiling, unwind and are released from the nucleus forming a 'comet tail'. After gel electrophoresis DNA strand breaks are thus visualized as 'comets' (Fairbairn et al. 1995; Undeger et al. 2004) .
A growing number of scientific concern has been focused on the significance of natural compounds and dietary components as protectants against diseases. Phenolic phytochemicals are a large group of substances that have been regarded as possible antioxidants. These may inhibit oxidative damage, mutagenesis and carcinogenesis, and thereby reduce the risk of chronic degenerative diseases associated with free radicals (Decker 1995; Kelly et al. 2001; Undeger et al. 2004) . Bilberry
), a native of Europe and North America, is a low-growing shrub of the Eriacaceae family (Bao et al. 2008b) . Bilberry is a natural substance, which has been introducing as a free-radical scavenger. Also, it exhibits antioxidant properties due to its ascorbic acid constituent (Jakesevic et al. 2011) . Previously, we have found the protective effects of bilberry in kidney and ovarian tissues arising from cisplatin toxicity in rats ). Therefore, the aim of this study was to evaluate the effect of bilberry on cisplatin-induced blood oxidative stress and DNA damage in rats by using the comet assay method.
Material and methods

Chemical components
Cisplatin was bought from Sigma Chemical Co. (St. Louis, MO, USA). Bilberry was purchased from a drugstore, Yozgat, Turkey. All other chemicals used were analytical grade and were obtained from Sigma-Aldrich (Germany).
Animals and study design
The study has been carried out in accordance with the Code of Ethics of the Declaration of Helsinki. Study protocol was reviewed and approved by the Ethical Committee of Cukurova University and the local ethical committee of the Medical Faculty. Twenty-one female adult WistarAlbino rats (weight range, 150-220 g) were divided into three equal groups. In the group I (control group), 1 mL of 0.9% NaCl saline solution was given intraperitoneally (ip). In the group II (cisplatin group), single dose of 7.5 mg/kg cisplatin was administered ip. In the group III (cisplatin + bilberry group), 7.5 mg/kg cisplatin and 200 mg/kg bilberry were given via ip route. Dose levels of bilberry for the test involving 10 daily treatments were based on our previous studies . All the animals were sacrificed and blood samples were collected into heparinized tubes.
Erythrocyte preparation
Plasma was separated by centrifugation obtained from peripheral blood of rats. Erythrocyte packets were prepared by washing with cold isotonic saline. After the supernatant was removed, packed erythrocytes were suspended in phosphate buffer. The concentration of hemoglobin was determined according to Drabkin (1946) .
Antioxidant enzyme assays Measurement of malondialdehyde (MDA).
MDA is a secondary product of lipid peroxidation. Absorbance was measured at 532 nm to determine the MDA content. Cells were incubated at 95
• C with thiobarbituric acid under aerobic conditions (pH 3.4) (Ohkawa et al. 1979 ). Specific activity is calculated as nmol/mg hemoglobin.
Measurement of superoxide dismutase (SOD). SOD activity was measured as the inhibition of autoxidation of pyrogallol, according to the method of Marklund & Marklund (1974) . Activity was monitored at 440 nm for 180 s. Data is expressed as unit of SOD per mg hemoglobin.
Measurement of catalase (CAT). CAT activity was measured according to the method of Aebi (1984) as the rate constant of hydrogen peroxide decomposition. Activity was monitored at 240 nm for 60 s. Data is expressed as unit of CAT per mg hemoglobin.
Measurement of glutathione peroxidase (GPx). GPx activity was measured according to the method of Paglia & Valentine (1967) . This reaction was monitored indirectly as the oxidation rate of NADPH at 340 nm for 3 min. GPx activity was measured as the change in absorbance at 340 nm. Data is presented as unit of GPx per mg hemoglobin.
In vivo single-cell gel electrophoresis (comet assay) Comet assay was performed according to the method reported previously (Singh et al. 1988 ) with some modifications. Peripheral blood was obtained with heparinized syringe immediately before the performance of the test. Lymphocytes were isolated by Biocoll separating solution. Cell viability was determined by the trypan blue exclusion technique (Pool-Zobel et al. 1992) . Cell viability was 98%.
The samples of lymphocytes were mixed in 0.65% lowmelting point agarose and then spread over 0.50% agar coated slides. The cells were inserted at 4
• C for 20 minutes. Then the sample was lysed for 24 hours in alkaline conditions. The cells were treated at pH > 13, 25 V and 300 mA for 20 minutes by using electrophoresis. Sample was kept three times for 5 minutes in neutralization tampon. The solution was stained with 50 µg ethidium bromide and covered with a cover slip.
The sections were examined and photographed by using a fluorescence microscope (BS 200 ProP with software image analysis, Ankara, Turkey). The DNA comets were evaluated by measuring the tail length, tail moment and tail DNA% of 50 comets. All experiments were performed at least three times, each with two parallel slides per data point. A higher percentage tail DNA indicated a higher level of DNA damage (Behravan et al. 2011 ).
Statistical analysis
Statistical analysis was performed using SPSS 11.00 (SPSS Inc., Chicago). Differences between groups were evaluated by one-way analysis of variance (ANOVA) followed by the Tukey test. The protective effects of bilberry with high dose of cisplatin were compared using Student's t test for paired samples. Values were expressed as mean ± standard error of the mean (SEM). Statistical significance was accepted at the P < 0.05 level.
Results
Evaluation of biochemical parameters
The level of MDA was significantly increased in the cisplatin treatment group compared with the control. However, the MDA level was significantly decreased in erythrocytes in the cisplatin + bilberry treatment group compared with the cisplatin only group (P < 0.05, Table 1) .
A significant decrease in SOD, CAT and GPx activities were observed in the cisplatin-only group compared with the control group. SOD, CAT and GPx activities were increased significantly in the cisplatin + bilberry group compared with the cisplatin-only group at the end of ten days (P < 0.05, Table 1 ).
Image analysis
Evaluation results of comets by image analysis are shown in Table 2 . The changes of comet tail DNA%, tail length and tail moment with applied cisplatin, cisplatin + bilberry and untreated groups are shown in The values are means±SEM. Significance at P < 0.05. The letters "a" and "b" indicate significant differences between the groups. In each group, there were 7 animals. Group I -untreated; group II -treated with cisplatin (single dose 7.5 mg/kg b.w.); group IIItreated with cisplatin (single dose 7.5 mg/kg b.w.) and bilberry (200 mg/kg b.w. for 10 days). Hb, haemoglobin. Table 1) . After 10 days of treatment, bilberry significantly decreased cisplatin-induced DNA damage when compared to the cisplatin-only treatment group (P < 0.05, Fig. 1 ).
Discussion
Cisplatin is a chemotherapeutic agent helpful in the treatment of several cancers (Lebwohl & Canetta 1998) . Of the most active and widely used anticancer drugs, cisplatin is known to generate free radicals (Weijl et al. 1997) . Free radicals, often called reactive oxygen species, are substances with one or more unpaired electrons, which are formed as a result of many physiological and pathological cellular metabolic processes, especially in the mitochondria in the course of the electron transport pathways (Halliwell & Gutteridge 1993) . Free radicals are highly reactive with many cellular compounds, such as membranes and DNA, leading to a cascade of oxidation and reduction reactions. Under pathological circumstances, this so-called oxidative stress can lead to structural and functional changes in healthy cells and clinically detectable organ dysfunction. The major free radicals formed in the human body are hydrogen peroxide, the hydroxyl radical (OH . ) and the superoxide radical (OP . − ) (Weijl et al. 1997) . These highly reactive oxygen species can cause extensive tissue damage through reactions with all biological macromolecule, e.g., lipids, proteins and nucleic acids, leading to formation of oxidized substances, such as MDA, which is the product membrane lipid peroxidation (Halliwell & Gutteridge 1993) . In animals, renal and chromosomal damage due to cisplatin, other heavy metals and doxorubicin-induced cardiomyopathy can be prevented by supplementation with high doses of antioxidants, such as selenium, vitamins C and E, without compromising the anti-tumour activity (Wang et al. 1980; Fujita et al. 1982; Ohkawa et al. 1988; Chorvatovicova et al. 1991; Whanger 1992; Jotti et al. 1993 ). For instance, Ohkawa et al. (1988) have demonstrated in mice that selenium co-administration allows higher doses of cisplatin with reduction of nephro-and hematological toxicity, resulting in a higher therapeutic index. Therefore, nutritional status of cancer patients, especially the nutritional intake of antioxidants and their concentrations in plasma and tissues may determine the extent of oxidative organ damage by free radicals produced by cytostatic drugs (Clemens et al. 1990; Hay et al. 1991; Forni & Armand 1994; Meyer & Madias 1994; Anderson et al. 1995; Weijl et al. 1997) . In our previous studies, we have shown that bilberry could be efficient against cisplatininduced ovarian and kidney damage . In this study, we used the effects of bilberry (200 mg/kg b.w.) on blood toxicity due to cisplatin (single dose 7.5 mg/kg b.w.) administration. There is no study indicating preventive effect of bilberry on oxidative stress and DNA damage in pheriperal blood cells in rats in vivo.
The use of antioxidants currently focuses considerable attention on preventing anti-tumour agent-induced genetic damage. Plants have limitless ability to synthesize aromatic substances, such as polyphenols, mainly flavonoids and phenolic acids, which exhibit antioxidant properties due their hydrogen-donating and metalchelating capacities. It is known that many plant infusions have plenty of these molecules, and consequently it is reasonable to determine whether plants have the capacity to prevent the genotoxic potency of specific mutagens or carcinogens from different categories that are known to generate free radicals in non-tumour cells both in vivo and in vitro (Weijl et al. 1997) .
Bilberry has been found to play a protective role in human health maintenance due to its various biomedical activities in cardiovascular disorders, advancing ageinduced oxidative stress, inflammatory responses and diverse degenerative diseases, as well as its ability to trigger genetic signaling in promoting human health and disease prevention. Bilberries, an anthocyanin-rich fruit, is available in the market as a pharmaceutical preparation for the treatment of both ophthalmologic diseases and blood vessel disorders. Anthocyanin components exhibit high in vitro and in vivo antioxidative capacity and also inhibit low-density lipoprotein oxidation (Bao et al. 2008a) . A significant increase in plasma antioxidant capacity was observed following consumption of anthocyanins juice (Zafra-Stone et al. 2007 ). Its potent biological properties can be correlated to the high content of anthocyanin pigments. Recently, bilberry extract has been reported to possess antioxidative activity and cytoprotective effect against oxidative damage in various models in vitro (Martin-Aragon et al. 1998; Valentova et al. 2007; Bao et al. 2008b ). Bilberry has been used for the treatment of oxidative stress. Various theories have been claimed about the bilberry's mechanism of action. These are antioxidant activity, free radical scavenging property, antiinflammatory effect and vasodilatory action (Matsumoto et al. 2001; Ichiyanagi et al. 2004; Bell & Gochenaur 2006) .
In this study, we demonstrated that the bilberry can induce reactive oxygen species production and oxidative tissue damage, and can alter the activities of enzymes associated with antioxidant defence mechanisms. Also, our results suggest that the bilberry protects partially against damage from lipid peroxidation and oxidative stress induced by cisplatin in rat erythrocytes cells. The single cell gel electrophoresis test or comet assay is a straightforward visual method for the detection of DNA damage in interphase cells. This technique is especially sensitive in detecting DNA singlestrand breaks, alkali-labile damage and excision repair sites in individual cells (Tafazoli & Volders 1996) . The comet assay has been widely applied in the following fields: radiation biology, excisable DNA damage, DNA crosslinks, oxidative damage, genetic toxicology and apoptosis (Fairbairn et al. 1995; Fenech 1996; Tafazoli & Volders 1996; Singh 1996; Goethem et al. 1997) . Since the single cell gel electrophoresis assay can detect DNA damage, it might therefore be recommended for genotoxicity testing to understand the mechanisms underlying mutagenicity and to assess the treatment doses (Goethem et al. 1997) . Non-treatment groups cells showed no or very short tails because there was no DNA damage or stretching of bands by electrophoresis, while cisplatin-treated cells at single dose of 7.5 mg/kg cisplatin showed comet cells with long tails, representing DNA fragments migration and a damaged appearance. However, the tail length decreased due to addition of bilberry in cisplatin-treated group.
In the present study, the protective effect of bilberry on cisplatin-induced toxic effect in rat blood was studied. Our results suggest that bilberry may have therapeutic power to inhibit the cisplatin's side effect in blood tissue. Also, the first evidence that bilberry administered ip 200 mg/kg has an effective anti-genotoxic in rat. Bilberry treatment resulted in a decrease in the level of tissue MDA and an increase in the activities of SOD, CAT and GPx. In conclusion, future studies need to be conducted in order to determine the benefits of antioxidant treatment of bilberry during cancer chemotherapy.
